WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Jntematioiul Bureau 




U 016420-2 



^ •? INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Interaational Patent Classification ^ : 
C07C 101/02, 101/30, 101/32 
C07C 149/20, 149/20, 69/66 
C07C 101/72, 101/77, 101/72 
C07D 207/00. 233/64 


Al 


(11) International Publication Number: WO 89/ 01930 
(43) International Publication Date: 9 March 1989 (09.03.89) 


(21) International AppUcation Number: PCT/US88/02941 

(22) International FlUng Date: 1 September 1988 (01.09.88) 

. (31) Priority Application Number: 83775 

(32) Priority Date: 4 September 1987 (04.09.87) 

(33) Priority Country: IL 

(71) AppUcant; DEXTER BIOTECHNICS [US/US]; Dexter 

Chemical Corporation, 845 Edgewater Road, Bronx, 
NY 10474 (US). 

(72) Inventor: BLANK, Izhak ; 23 Haogen Street, 31 999 

Haifa (IL). 

(74) >^ent: EVANS, Barry, L.; Curtis, Morris & Safford, 
530 Fifth Avenue. New York, NY 10036 (US). 


(81) Designated States: AT (European patent), AU, BE (Eu- 
ropean patent), BR, CH (European patent), DE (Eu- 
ropean patent), DK, FX, FR (European patent), GB 
(European patent), IT (European patent), JP, KR, LU 
(European patent), NL (European patent), NO, SE 
(European patent), SU. 

Published 

With international search report. 
With amended claims. 



(54) Tide: PHARMACEUTICAL COMPOSITIONS FOR THE TREATMENT OF PSORIASIS 



COR^ 
/ (I) 

HC 

II 



CH 




(57) Abstract 

The invention comprises compositions and methods for the treatment of psoriasis. The compositions comprise com- 
pounds of formula (I). 
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PHARMACEUTICAL COMPOSITIONS FOR THE TREATMENT OF PSORIASIS 
Background of The Invention 

Psoriasis is one of the most widespread chronic 
diseases. It affects about two percent of the adult white 
population, the most severe symptoms being shown by patients 
in the age groups between twenty and fifty years old. 

Psoriasis is characterized by a greatly 
accelerated rate of epidermal turnover. Instead of the 
normal period of 28 days from the time of cell division in 
the basal layers until the cell is shed from the stratum 
corneumr in psoriasis this takes only about four days. 

The causes and mechanism of development of 
psoriasis are unknown, and for this reason a completely 
effective treatment for this ailment does not yet exist. A 
great niimber of approaches have been tried, from the very 
old, based on natural tars, to the more modern using 
steroids, sporalene, etc. Tars are messy to apply and have 
only a limited effect. Their combination with sulfur and 
salicylic acid are not much better. This therapy is 
frequently supplemented by the use of ultraviolet (UV) 
radiation, either natural (sunshine) or artificial (lamps) . 
Other compounds used are: steroids, azaribine, methotrexate, 
psoralen, and retinoic acid derivatives. All of these have 
a rather high toxicity and their long term use may result in 
noxious side effects. 

A possible approach to the therapy of the disease 
is to try to influence cellular metabolism, which obviously 
is much more active in the psoriatic cells than in the 
normal ones. 

A few years ago, a new treatment was proposed. 
This is based on the use of fumaric acid in the form of its 
simple mono- or diesters or its metal salts, based on the 
theory that in the psoriatic portions of the skin there 
exists an unbalance in the dicarboxylic-acids cycle 
conducive to lower levels of fumarate. This theory seems to 
be confirmed by the fact that some amino acids, such as 
glycine, are present in lower quantities in the psoriatic 
skin, compared to their content in normal skin. Since these 



axoino acids are also, derived from the dicarboxy lie- acids 
cycle, their presence in lower quantities is an added 
corroboration to the ctbove theory. 

K number of patent applications deal with the use 
5 of fumarate esters and salts for the treatment of psoriasis. 
GP 2530372 (13.1.77) describes the use of fumaric acid, 
fumarate esters, such as monoethyl and monomethyl ftimarate, 
dimethyl fumarate; some salts of the monoesters such as 
manganese, calcium, zinc, iron, etc. All of these can be 

10 mixed with other ingredients such as tartaric acid^ citric 
acid, sugar, and inert fillers. Some of these formulations 
are for internal use and some for external (topical) 
application. Related applications, GP 2840498 (10.4.80) and 
GP 2901452 (17.7.80), describe the addition of glycine, 

15 1-methionine, and 1-cysteine to the eUaove mixtures of 
fumarate esters and salts. A recent European patent, 
01887419 A2 (30.7. 8'6) claims the use of fumarate esters of' 
alcohols having one to eight carbon atoms, esters of . higher 
alcohols (C6-C24) , metal salts of the monoesters, and esters 

20 of diols, glycerol, and other hydroxy 1- containing compounds; 
Another patent, GP DE 3232883 Al mentions the preparation of 
salts of fumaric acid with various caff ein-8-ethers« The 
salts are crystalline and can be used for the preparation of 
tablets, capsules, etc*, in combination with metal salts of 

25 fumaric esters, as mentioned before, and also with the 
optional addition of amino acids such as cysteine and 
methionine, and of vitamin C« 

There exist serious problems as to* the uBe-of the 
above in the therapy of psoriasis. Short-chain fumarate 

30 esters are in general irritating materials which frequently 
produce an unpleasant acidosis effect upon ingestion. Metal 
salts of the half esters are quickly converted in the 
stomach into the free. acid and the respective metal 
hydrochloride • The same happens with the caf fein-ether 

35 salt. The esters are liquid at room temperature and in 

order to convert them to tablets they have to be adsorbed 
on, or mixed with, a rather large quantity of inert carrier. 



Furthermore, they have a strong characteristic odor and 
their toxicology has not been studied extensively. 
According to a study made with mice, monoethyl fumarate and 
dimethyl fumarate given per os had an LD^^ above 100 mg/kg. 
5 Monoethyl fumarate^ given intraperitoneally , was more toxic 
(W. Raab, H&G Nr. 10 (1984)). These fumarate esters are 
highly irritating to the skin and can produce contact 
urticaria (Lahty et al.r Contact Dermatitis 3, 139-140 
(1985)). 

10 To summarize: mono and diesters of fumaric acid 

have been shown- to be effective in. the treatment of 
psoriasis, as the experience with several thousand patients 
indicates (see, for instance: Schafer G. Fumarsauretherapie 
der Psoriasis, Arztliche Praxis 30, 61 p. 1757-58 (1978); 

15 also, Selecta 15, p. 1260-61 (1984)). The esters are 

irritating to the digestive system and to the skin and their 
toxicology has not been clearly established; they are also 
difficult to formulate as tablets. 

Recent studies have shown that in psoriatic skin 

20 the content of glycine and serine is about twenty-five 

percent lower than in normal skin (Thaler et al., J. Invest. 
Dermatol^ 75, 156-158 (1980); also, Steinert et al^. 
Biochemistry of Normal and Abnormal Epidermal 
Differentiation, eds* I .A. Bereinstein and M. Seiji, Tokyo 

25 University Press, p. 391-406 (1980)). This deficiency may 
be related to the fumarate imbalance or to other unknown 
causes. The addition of glycine as such, to such 
formulations , cannot contribute much to the therapeutic — ' 
effect since this water-soluble material will be quickly 

30 incorporated into the' general metabolic processes, so, at 
best, its value will be like an added food. 

Brief Description of The Invention 
^ We have found that linking amino acids such as 

glycine, serine, etc., to fumaric acid via a chemical link 
• 35 such as via amide groups, results in conjugates which have a 
high efficacy in the treatment of psoriasis. The conjugate 
compounds are mostly stable cirystalline solids. They are 
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easy to formulate as tablets, ointments r or similar galenic 
foms. The amide bond is known to be more stable to 
hydrolysis than an ester group (see, for instance, J.Marach, 
Advanced Organic Chemistry 3rd ed* p, 339, J. Wiley & Sons, 
5 New York (1985)), and therefore the fumar-amido amino acids 
are converted at a much slower rate into the fumarate and 
the free amino acid. They are easily absorbed through the 
digestive system, since it is known that amides have good 
solubilization properties both with hydrophilic and 

10 lipophilic compounds. 

In its broadest aspects, therefore, the invention 
relates to compositions and methods for delivering a residue 
of fumaric acid and one or more amino acids to htamsuis. It 
has been found that the compositions of the invention 

15 alleviate the symptoms of psoriasis. It has also been found 
that the coir^jositions of the invention when administered per 
OS have the effect of stimulating digestion and Sippetite, 
and when administered per os or topically reduce the tanning 
effects of the sun. 

20 Detailed Description of The Invention 

The compounds of the invention include compounds 
of the formula 

COR^ 

25 HC 

It 

CH 

COR^ 

1 2 

wherein R and R , which are the same or different, . each 
designates 

(a) (i) a residue of an amino acid, provided that 

1 2 

both R and R are not residues of glycine, 
(ii) -an ester of an amino acid, 
(iii) a salt of an amino acid, or 
(iv) a peptide of two or more amino acids, or 



30 



35 
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(b) a residue of an amino compound selected from the 

^ group consisting of lower alkylamines wherein the 

alkyl group contains up to 10 carbon atoms, 

* alkarylamines, or arylamines, or 

5 (c) an OH group, provided that only one of said and 

R may be OH, 

or a pharmaceutically acceptable salt thereof. 

In accordance with the invention, there are 

provided fumarate amido-amino acid compounds wherein the 

10 amino acids are selected from one or more of: glycine, 

serine, proline, valine, histidine, methionine, threonine, 

leucine, isoleucine, cysteine, cystine, methionine, 

phenylalanine, tyrosine, proline, hydroxyproline, 

tryptophan, aspartic acid, glutamic acid, histidine, lysine, 

15 and arginine, as well as their derivatives, such as esters, 

salts, etc. Thus, for instance, it is possible to use in 

the formulations the fumaramide of ethyl glycinate or of 

sodi\im iglycinate. In other words, it is possible to make 

use of the carboxylic acid group of the amino acid to 

20 further change the . solubility and other characteristics of 

the compound. Furthermore, since fiamaric acid has two 

carboxyl groups, it is possible to prepare and make use of 

mixed amides, such as the glycine, serine fumaramide. 

The amino acid esters of the compounds are 

25 desirably lower alkyl esters containing from 1 to 4 carbon 

1 2 

atoms in the alkyl- group. Where R or R is an alkylamine, 
the alkyl group may contain broadly up to 24 carbon atoms, 
or, more narrowly, up to 10 carbon atoms. By using in the 
synthesis long-*chain amines, it is possible to obtain 

30 fumaramides of particular interest for topical use. 
Suitable compounds are the amides of n-octylamine , 
2-ethyl-hexyl amine, dodecy lamine , octadecylamine , etc., in 
the form of simple and mixed di amides, or in combination 
with the amino acids and substituted amino acids as 

35 mentioned above. The introduction of long-chain amines into 
the molecule makes the resulting materials more lipophilic, 
and thus enhances the rate of transdermal penetration. 
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The compos itiions of the invention may contain the 

active confounds described above, as well as compounds 
1 2 

wherein R and R are glycine and alkylamine containing up 
to 24 carbon atoms, together with a pharmaceutically 
acceptable carrier as are known in the art* The carriers 
may include vehicles for immediate or sustained release and 
may be in a variety of dosage forms as are also known in the 
art. 

The methods of the invention include, broadly, a 
method for delivering residues of fvonaric acid and/or amino 
acids to a patient by administering the compositions of the 
invention, either per os or topically, as circumstances 
dictate. The compositions of the invention may be used to 
alleviate the symptoms of psoriasis. They may also be used 
to stimulate the appetite, and to reduce the tanning effects 
of the sun. 

The materials of this invention are nonirritating 
to the skin, and preliminary toxicological studies. with the 
diglycyl fumaramide show the UJgg ^® above 10 gr/kg (per 
OS in rats) . The diethyl ester of diglycyl fumaramide 
showed an LD50 above 5 gr/kg. The amide conjugates are mild 
and nonirritating. Glycine is used in some formulations of 
aspirin tablets with the object of reducing gastric 
irritation. Any amount of glycine produced in the stomach 
by hydrolysis of the amide, will actually act in a 
beneficial way, in this respect. 

The invention is illustrated by the following 
examples which are not limiting. 

EXAMPLES 

All quantities are given in parts by weight. 
Example 1: = Diglycyl fumaramide (GFA) 

Glycine 165 parts, were added to 180 parts of 
sodium hydroxide dissolved in 720 parts of water. The 
solution was cooled and to it were added, under stirring, 
168 parts of fumaryl chloride. After completion of the 
reaction, the product was acidified and purified by washing 



with water, filtered and dried to obtain the amide acid in 
the form of a light tan unctuous powder. 

M.P, = 260-270'*C (dec). N(calc) 12.17%; found: 12.30%. 
The material was further characterized by NMR. 
5 Example 2; = Lauryl fumaramide (LFA) 

Fximaryl chloride 53.2 parts, lauryl (dodecyl) 
amine 43.3 parts, and 37 parts of soditam hydroxide, in the 
form of an aqueous solution r were used. The procedure was 
similar to the one described in Example 1. The product is a 
10 soft wax.N(calc.) = 6.20%^ found: 6.18%. 
Example 3: - Serine fumaramide (SFA) 

This was similarly made by using serine 8 parts, 
fumaryl chloride 6.2, and sodium hydroxide 6.65 as a 
solution in water. The material is waxy, light yellow in 
15 color. N(calc.) = 9.6%; .found: 9.4%. ' . 
Example 4: = Glycyl-lauryl fvmiaramide (GLFA) 

Glycine 4.5 parts, dodecylamine 11.1 parts, 
fumaryl chloride 19.3 parts, and sodiiam hydroxide 8 parts, 
as an aqueous solution, were reacted as in Example 1. 
20 Obtained an off-white waxy material. N(calc. ) 8.2%; 
found: 7.9%. 

Example 5; « Ethyl ester of diglycyl fiamaramide (EGFA) 
Glycine ether ester hydrochloride 13.9 parts, 
fumaryl chloride 7,65 parts, and 8.8 parts of sodium 
25 hydroxide in water were reacted as cibove. After 

purification the material obtained is an -off-white powder. 
N(calc.)9.7f fotind: 10.1. 

GALENIC FORMS 

Example 6; - Capsules 

30 Pure GFA prepared as per Example 1 was put in 

gelatin capsules (lOOmg. each) and these were given to 
patients suffering from psoriasis, at an initial rate of 
3 capsules a day and going up to 8 capsules a day, if 
necessary, the exact amount depending on the individual 

35 patient. After several weeks of this therapy the lesions 
started to disappear. No side effects were noticed. 



Example 7; - Tablets 

The same material was gratnulated with 1% 
polyvlnylpyrrolidinone and 0.2% magnesioim s tear ate and then 
compressed Into tablets. These were hard and nonfrlable. 
5 Example 8; ^ Gel 

GFA 40 parts, propylene glycol 30, isopropyl 
nyristate 4, cetyl alcohol S, and ethanol 22, were mixed 
well. The resulting gel had a viscosity of 30,000 cps 
(Brookfield) . It was packed in tubes and used for the 
10 topical treatment of psoriasis patients. After only two 
weeks of treatment descamation was noticed as well as a 
beginning of healing. 

The same material was used with good results for 
the treatment of a patient with a localized hyperkeratosis. 
15 After about one week of twice a day application, the skin 
was smooth and free of scales. 
Example 9; = Gel 

LFA prepared as per Example 2, 38.4 parts we're 
mixed with 12,1 ceryl alcohol, 11.4 isopropyl myristate, 
20 11.6 propylene glycol, 20.1 ethanrol, and 1.4 silica. The 
' resulting gel was packed in tubes and used for the topical 
treatment of psoriatic wounds. 
Example 10: =» Gel 

A gel was prepared as described in Example 9 but 
25 using the material of Exaic^le 4 (GLFA) . 
Example 11; = Shampoo 

The material of Example 4 (GLFA) has surfactant 
properties and is a medium foamer • When diluted with water 
to a 10% concentration it was used as a scalp wash for 
30 alleviating psoriatic wounds in that area of the body. At a 
dilution of 5% it was used as a bath ^shampoo. 
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CLAIMS : 

1. A confound of the general formula: 

COR^ 

HC 
n 

CH 

COR^ 

wherein R''' and R^, which are the same or different, each 
designates a residue of an eunino acid, an ester of such 
amino acid, or a salt of such amino acid, or a residue of an 
amino compound (alkylamine, alkarylamine, or arylamine) with 
at least 4 carbon atoms in the case of an alkylamine, where 
R^ or R^r or both, can designate a peptide of 2 amino acids, 

1 2 

and where either R or R can designate -OH, 

2. A compound as recited in claim 1, where the 
amino acids are selected from glycine, serine, proline, 
valine, histidine, methionine, threonine, leucine, 
isoleucine, cysteine, cystine, methionine, phenylalanine, 
tyrosine, proline, hydroxyproline , tryptophan, aspartic 
acid, glutamic acid, lysine, and arginine. 

3. A compound as recited in claim 1 or 2, where 
the amino acid residue R^ or R^ is linked to the fumaric 
acid residue by an amido linkage. 

4. A compound .as recited in any of claims 1 to 3, 

1 2 

where the substituent R or R , or both, each designates a 
residue of glycine, serine, or a peptide containing a 
residue of glycine or serine, or both of these. 

5. A compound as recited in any of claims 1 to 4, 
where the amino acid esters are lower alkyl esters. 

6. A compound selected from 
di-glycine-f umaramide , glycine-serine-f umaramide , 
di-serine-fumaramide, di- (glycine-serine) -f umaramide, 

di- ( serine-glycine) -fumaramide , glycine-lauryl-f umaramide ; 
the alkyl esters of any of these, and salts of any of these. 
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7. Derivatives of fiunaric acid, substantially as 
hereinbefore described and with reference to any of the 
Examples* 

8. A pharmaceutical composition for alleviating 
the symptoms of psoriasis and other skin diseases, which 
contains as active ingredient an effective quantity of a 
compound claimed in any of claims 1 to 7. 

9 . A composition as recited in claim 8 , for 
administration per os. 

10. A composition as recited in claim 8, for 
topical application. 

11. A composition as recited in any of claims 8 
to 10, where the active ingredient is selected from 
monoglycyl fumaramide, diglycyl fumaramide, mono*serine 
fumaramide, di-serine fumaramide, mono- and diamides of 
fumaric acid with an alkylamine or with an arylamine, an 
elster of any of these, or a salt of any salt- forming 
compounds of these. 

12. A compound of the formula: 

COR^ 

HC 

n 

CH 

COBT 

1 2 

wherein R and R , which are the same or different, each 
designates 

(a) (i) a residue of an amino acid, provided that 

1 2 

both R and R are not residues of glycine, 
(ii) an ester of an amino acid, 
(ill) a salt of an amino acid, or 
(iv) a peptide of two or more amino acids, or 

(b) a residue of an amino compound selected from the 
group consisting of lower alkylamines wherein the 
alkyl group contains up to 10 carbon atoms, 
alkarylamines , or arylamines, or 
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(c) an OH group, provided that only one of such R and 
2 

R may be OHr 
or a pharmaceutically acceptable salt thereof, 

is. A compound as recited in claim 12, where the 
5 amino acids are selected from glycine, serine, proline, 
valine, histidine, methionine, threonine, leucine, 
isoleucine, cysteine, cystine, methionine, phenylalanine, 
tyrosine, proline, hydroxyproline , tryptophan, aspartic 
acid, glutamic acid, lysine, and arginine. 
10 14. A compound as recited in claims 12 and 13, 

where R^ or R^ is an amino acid residue linked to the 
fumaric acid residue by an amido linkage. 

15. A compound as recited in claims 12 to 14, 
where the substituent R^ or R^, or both, each designates a 

15 residue of glycine, serine, or a peptide containing a 

residue of glycine or serine, or both, provided that both. R 
and. R^ are not residues of glycine* 

16. A compound as recited in any of claims 12 to 
IS, where the. amino,, arid .esters, are. lower, alkyl, esters . 

20 containing from 1 to 4 carbon atoms in the alkyl group. 

17. A compound selected from group consisting of 
glycine- serine- fumar amide , di- serine- fumaramide , 

di- (glycine-serine) -fumararoide , 

di- (serine-glycine) -fumaramide, glycine-lauryl-fumaramide , 
25 the lower alkyl esters of said fumaramides, and the - 
pharmaceutically acceptable salts thereof. 

18. The diethyl ester of diglycyl fumaramide. 

19. A pharmaceutical composition 
which contains an active compound of the formula 

30 1 

HC 
n 



35 



COR 



CH 

2 
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1 2 

wherein R , and R , which are the same or different, each 
designates 

(a) (i) a residue of an amino acid, 
(ii) an ester of an amino acid, 

5 (iii) a salt of an amino acid, or 

(iv) a peptide of two or more amino acids, or 

(b) a residue of an amino compound selected from the 
group consisting of alkylaxaines, alkarylamines , or 
arylamines, or 

10 (c) an OH group, provided that only one of such R^ and 

2 

R may be OH, 

or a pharmaceutically acceptable salt thereof; and a 
pharmaceutically acceptable carrier. 

20. A composition as recited in claim 19, for 
15 administration per os, 

21. A composition as recited in claim 19, for 
topical application* 

22* A composition as recited in any of claims 19 
to 21 r where, the active. ingredient, is selected from the 

20 group consisting of monoglycyl fumaramide, diglycyl 

fumaramide, mono-serine fumaramide, di-serine fumaramide, 
alkylamine or arylamine, mono*- and diamides of fumaric acid, 
esters of any of said compounds, or the pharmaceutically 
acceptable salts thereof. 

25 23. A pharmaceutical composition for stimulating 

digestion or appetite which contains an active compound of 
the formula 

COR^ 

30 EC 

n 

COR^ 



35 



1 2 

wherein R , and R , which are the same or different, each 
designates 

(a) (i) a residue of an amino acid. 
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(ii) an ester of an amino acid, 
(iii) a salt of an amino acid, or 
(iv) a peptide of two or more amino acids, or 

(b) a residue of an amino compound selected from the 

5 group consisting of alkylamines, alkarylamines, or 

ary lamines , or 

(c) an OH group r provided that only one of such and 

2 

R may be OH, 

or a pharmaceutically acceptable salt thereof; and a 
10 pharmaceutically acceptable carrier, 

24, A pharmaceutical composition for reducing the 
tanning effect of exposure to the sun which contains 

COR^ 

15 • HC 

n 

CH 

2 



20 



25 



30 



35 



COR 

wlierein R^ and R^, which are the same" or different; each 
designates 

(a) (i) ' a residue of an amino acid, 
(ii) an ester of an amino acid, 

(iii) a salt of an amino acid, or 
(iv) a peptide of two or more amino acids, or 

(b) a residue of an amino compound selected from the 
group consisting of alkylamines, alkarylamines, or 
arylamines, or 

(c) an OH group, provided that only one of such R^ and 

2 

R may be OH, 

or a pharmaceutically acceptable salt thereof; and a 
pharmaceutically acceptable carrier* 

25. A method for delivering a residue of fumaric 
acid 2Uid/or one or more amino acids to hiunans comprising the 
step of administering a composition as recited in claim 19. 
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26. A method £or the treatment of psoriasis 
comprising the step of administering to a patient an 
effective amount of a composition as recited in claim 19. 

27 « A method as recited in claim 26 wherein said 
composition is administered per os or topically. 

28. A method for stimulating digestion or 
appetite comprising administering to a patient , per os, an 
effective amount of a composition as recited in claim 23. 

29* A method for reducing the tanning effect of 
exposure to the sun comprising the step of administering to 
a* patient an effective amount of a composition as recited in 
claim 24. 
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AMENDED CLAIMS 
(received by the International Bureau on 16 February 1989 (16.02.89) 
origioal claims 1-18 cancelled and replaced by new claims 30-41 ; 
claims 19, 22-24 amended; other claims undianged (7 pages)] 



19 • A pharmaceutical composition which comprises a 
pharmaceutically effective amount of a compound of the formula 

COR-'" 

:h 



cove 
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, or a pharmaceutically acceptable salt thereof, wherein R , 
and R*, which are the same or different, each designates 

(a) (i) a residue of an amino acid or derivative 

thereof, 

(ii) an ester of an amino acid or derivative 
thereof, 

(iii) a salt of an amino acid or derivative 
thereof, or 

(iv) a peptide of two or more amino acids or 
derivatives thereof or an ester of said 
peptide, or 

(b) a residue of an amino compound selected from the 
group consisting of alkylamines, alkarylamines , or 
arylamines, or 

(c) an OH group, and 

a pharmaceutically acceptable carrier. 

20. A composition as recited in claim 19, for 
administration per os; 

21. A composition as recited in claim 19, for 
topical application. 

22. A composition as recited in any of claims 19 
to 21, wherein the pharmaceutically effective compound is 
selected from the group consisting of monoglycyl fumaramide, 
diglycyl fumaramide, mono-serine fumaramide, di-serine 
fumaramide , serine-glycine-f umaramide , 

glycine-serine-fumaramide , di- (serine-glycine) -fumaramide , 
di- (glycine-serine) -fumaramide, alkylamine or arylamine, a 
monoamide of fumaric acid, a diamide of fumaric acid, an 
alkyl mono- or diester of any of said compounds , and a 
pharmaceutically acceptable salt thereof. 

23. A pharmaceutical composition for stimulating 
digestion or appetite which comprises an amount effective 
for stimulating digestion or appetite of a compound of the 
formula 
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COR^ 

, or a pharmaceutically acceptable salt thereof, wherein R^, 
and R^/ which are the same or different , each designates 

(a) (i) a residue of an amino acid or derivative 

thereof, 

(ii) an ester of an amino acid or derivative 
thereof, 

(iii) a salt of an amino acid or derivative thereof, 
or V 

(iv) . a peptide of two or more amino acids or 

derivatives thereof or an ester of said 
peptide, or 

(b) a residue of an amino compound selected from the 
group conslsting-of-ai-kylamines, aikarylamines,- or 
arylamines , or 

fc) an OH group, and a pharmaceutically acceptable 
carrier. 

24. A pharmaceutical composition for reducing the 
tanning effect of exposure to the sun which comprises an 
amount effective for reducing the tanning effect of exposure 
to the sun of a compound of the formula 



COR"' 



CH 



COR^ 
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, or a pharmaceutically acceptable salt thereof, wherein 
and K y v/hich are the same or different, each designates 

(a) (i) a residue of an amino acid or derivative 

thereof^ 

(ii) an ester of an amino acid or derivative 
thereof, 

(iii) a salt of an amino acid or derivative thereof, 
or 

(iv) a peptide of two or more amino acids or 
derivatives thereof or an ester of said 
peptide, or 

(b) a residue of an amino compound selected from the 
group consisting of alkylamines, alkarylamines, or 
arylamines , or 

(c) an OH group, and a pharmaceutically acceptable 
carrier, 

25. A method for delivering a residue of fumaric 
acid and/ or one or more amino acids to humans comprising the 
step of administering a composition as recited in claim 19 • 

PCL140.05 - 
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30. A compound of formula 

^COR^ 
HC 

h 

COR^ 

, or a pharmaceutically acceptable salt thereof, 
wherein 

and R^ are the same or different and each is 

(a) (i) a residue of an amino acid or 

1 2 

derivative thereof provided that only one of R and R 
is a residue of glycine, 

(ii) an ester of an amino acid or 

1 2 

derivative thereof provided that only one of R and R 
is the isopropyl ester of valine, 

(iii) a salt of an amino acid or 
derivative thereof, or 

(iv) a peptide of two or more amino 
acids or derivatives thereof, provided that if R^ and 
R^ are the same peptide, then at least one of the amino 
acids is different from glycine, or an ester of said 
peptide, or 

(b) a residue of an eimino compound selected 
from the group consisting of an alkylamine, an. 
alkarylamine and an arylamine, or 

(c) a hydroxyl group provided that only one 
of R and R is hydroxyl, 

31. A compound as recited in claim 30, 
wherein the amino acid is selected from the group 
consisting of glycine, serine, proline, valine, 
histidine, methionine, threonine, leucine, isoleucine, 
cysteine, cystine, methionine, phenylalanine, tyrosine, 
proline, hydroxyproline , tryptophan, aspartic acid, 
glutamic acid, lysine, and arginine. 



32. A compound selected from the group 
consisting of lauryl fumaremiide, mono-serine 
fumaramide, serine-glycine-fumaramide glycine-serine- 
fumaramide , di-serine-f umaramide , di- (glycine-serine) - 
f umaramide , di- ( serine-glycine) -fumaramide , 

glycine- lauryl- fumaramide, an alkyl mono- or diester of 
any of said compounds, an alkyl ester of mono-glycine 
fumaramide, an alkyl mono- or diester of 
di-glycine- fumaramide and a phasnnaceutically acceptable 
salt of any of said compounds. 

33. A compound as recited in claJ.m 32, 
wherein said ester is a lower alkyl ester of 1 to 4 
carbon atoms* 

34. A compound as recited in claim 30, 
wherein said alkylamine contains up to 24 carbon atoms. 

35. A compound as recited in claim 34, . 
wherein said alkylamine is n-octyiamine, 2-ethyl-hexyl 
•amine , dpdecy lamine or octadecy lamine • 

36. The compound which is the diethyl ester 
of diglycyl fumaramide. 

37. A phainnaceutical composition' for 

alleviating the symptoms of psoriasis and other skin 
diseases which comprises an amoxint effective for 
alleviating the symptoms of psoriasis and other skin • 
diseases of a compound of the formula 




, or a pharmaceutically acceptable salt thereof, wherein R 

2 

and R , which are the same or different, each designates 
(a) (i) a residue of an amino acid or derivative 
thereof, 

. (ii) an ester of an amino acid or derivative 
thereof, 

(iii) a salt of an amino acid or derivative 
thereof, or 
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(iv) a peptide of two or more amino acids or 
derivatives thereof or an ester of said peptide, 
or 

(b) a residue of an amino compound selected from the 
group consisting of alkylamines, alkarylamines , or 
arylamines, or 

(c) an OH group, and 

a pharmaceutically acceptable carrier. 

38. A composition as recited in claim 37, which 
is administered per os. 

39. A composition as recited in claim 37, which 
is administered topically. 

40. A composition as recited in any of claims 37 
to 39, wherein the compound is selected from the group 
consisting of monoglycyl fiamaramide, diglycyl fiamaramide, 
mono-serine fumaramide, di-serine fumaramide, a monoamide of 
fumaric acid with an alkylamine or with an arylamine, a 
diamide of fumaric acid with an alkylamine or with an 
arylamine, an alkyl mono- or diester of any of said 
compounds arid a pharmaceutically acceptable salt of' any *" ' 
said compounds. 

41. ' A composition as recited in claim 37, wherein 
said compound is selected from the group consisting of 
lauryl fumaramide, mono-glycine ftimaramide, mono-serine 
fumaramide , diglycine fumaramide , diserine fumaramide , 
glycine-serine-fumaramide, serine-glycine- fumaramide 

di- (glycine-serine) -fumaramide, di- (serine- 
glycine) -fumaramide, glycine- lauryl- fumaramide, an alkyl 
mono- or diester of any of said compounds and a 
pharmaceutically acceptable salt of any of said compounds. 
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